ABSTRACT -The objective of this research was to estimate three pasture-based systems mixed with elephantgrass + spontaneous growth species, annual ryegrass, for pasture-based system 1; elephantgrass + spontaneous growth species + forage peanut, for pasture-based system 2; and elephantgrass + spontaneous growth species + annual ryegrass + red clover, for pasturebased system 3. Elephantgrass was planted in rows 4 m apart from each other. During the cool-season, annual ryegrass was sown in the alleys between the rows of elephantgrass; forage peanut and red clover were sown in the alleys between the elephantgrass according to the respective treatment. The experimental design was totally randomized in the three treatments (pasture-based systems), two replicates (paddocks) in completely split-plot time (grazing cycles). Holstein cows receiving 5.5 kg-daily complementary concentrate feed were used in the evaluation. Pre-grazing forage mass, botanical composition and stocking rate were evaluated. Samples of simulated grazing were collected to analyze organic matter (OM), neutral detergent fiber (NDF), crude protein (CP) and organic matter in situ digestibility (OMISD). Nine grazing cycles were performed during the experimental period (341 days). The average dry matter values for pre-grazing and stocking rate were 3.34; 3.46; 3.79 t/ha, and 3.28; 3.34; 3.60 AU/ha for each respective pasture-based system. Similar results were observed between the pasture-based systems for OM, NDF, CP and OMISD. Considering forage mass, stocking rate and nutritive value, the pasturebased system intercropped with forage legumes presented better performance.
Introduction
Dairy production is a predominant activity in the small agricultural properties of Rio Grande do Sul state, where most of them have in their grass-based pastures a main supplemental resource for the cows. The pastures regular management is based on a conventional strategy production of a simple cultivation of forage plants sometimes subjected to excessively high levels of nitrogen fertilization.
Techniques labeled as sustainable, such as associations with other species, legumes mainly, could possibly minimize utilization of nitrogen fertilizers and still contribute to balancing pasture offer and quality along the crop year. The utilization of forage legumes brings great expectations related to cost reduction and in increases in animal dairy production compared with pure grass pastures, with or without nitrogen fertilization (Assmann et al., 2004) . The benefit comes from direct consumption of the forage legume, which enriches and gives variety to cattle diet and from the amount of forage available for the input of nitrogen into the system through its recycling and transfer to the grass (Pereira, 2001; Santos et al., 2002) .
Among the forage legumes of potential utilization in forage systems, the forage peanut is highlighted due to its high regrowth capacity and nutritional value above most of other tropical forage legumes (Andrade et al., 2006; Bresolin et al., 2008) . Another forage legume that suits the South Region is the red clover, for its remarkable adaptability, palatability and good forage profitability and quality (Montardo et al., 2003) .
Research studies reporting the association of grass and forage legumes for pasture finalities are scarce. In the south region of Brazil, particularly, it is necessary to develop deeper studies on the perennial capacity, adaptation, production and contribution to cattle diet, of the peanut forage and/or red clover behavior when associated to annual crops of winter cycles like the annual ryegrass, or to tall perennial species like the elephantgrass.
Therefore, this research aimed at the assessment of three forage systems, namely, elephantgrass, annual ryegrass and spontaneous growth species and legumes (forage peanut and red clover) regarding the mass and nutritive value of forage during the agricultural year.
Material and Methods
The research was conducted in the experimental area of the Department of Animal Science of UFSM, located in the Central Depression region (Santa Maria, RS), map location: 29º43' 45.41" latitude and 53º42' 03.62" longitude, in the period from 05/07/09 to 04/14/10, totaling 341 days. Average temperatures were similar to the region average degrees (Figure 1 ). For precipitation there were surplus volumes in the spring and summer, except in February and March. The climate is humid subtropical (Cfa) according to the Köppen classification and the soil is classified as red eutrophic argisol (Embrapa, 2006) . The treatments consisted of three forage-based systems associated with elephantgrass, spontaneous growth species and the annual ryegrass, while the other ones were associated to forage peanut and red clover.
The experimental area used had 0.78 ha (subdivided in six plots of 0.13 ha each, separated by electrical fences) with elephantgrass (Pennisetum purpureum Schum.), cv. Merckeron Pinda, established for 7 years, in rows 4 m apart.
On May 7, 2009 there was a mechanical harvesting to level areas between the elephantgrass rows, which left a 20 cm residue, approximately. On May 11, 2009, the annual ryegrass (Lolium multiflorum Lam) (30 kg/ha), cv, Common, was planted by sow broadcasting, in the alleys, after preparation of the experimental area by harrowing (tillage); for the pastures associated with forage legume, new seedlings of red clover (Trifolium pratense L.), cv. Estanzuela 116, at a 3 kg/ha proportion were sowed, while the forage peanut (Arachis pintoi Krap. & Greg.), established for 5 years, was preserved.
Soil analysis presented the following mean values at the beginning of the experimental period: SMP Index 5.7; P, 14.5 mg dm -3 ; K, 0.13 cmol c dm -3 ; Al 3+ , 0.9 cmol c dm -3 ; Ca 2+ , 5.5 cmol c dm -3 ; Mg 2+ , 2.3 cmol c dm -3 ; OM, 3.0 %; base saturation, 54.0% and aluminum saturation, 12.2 %. An amount of 300 kg/ha N-P 2 O 5 -K 2 O (5-20-20) and 7 kg/ha K 2 O were used as fertilizers, divided in two applications: the first in the establishment of the annual ryegrass (in May) and the second after the fourth grazing cycle (in October), and subjected to soil analysis. As covering fertilizer, 45 kg/ha N were used in the form of urea, divided in three applications, after the first, third and fifth grazing cycles.
The criteria employed for the use of pastures during the winter season were based on the development of the annual ryegrass, with animal liberated to enter when the plant was 20 cm tall, approximately; and in the summer season, when the elephantgrass was between 80 and 100 cm. Before releasing the animals, the forage matter was estimated by the use of the double sampling technique (Wilm et al., 1944) , with 20 visual estimations and five cuts. The cuts left the elephantgrass 50 cm tall, while in the alleys the cut was very shallow. Samples were weighed and blended, and a subsample was produced to estimate botanical composition of pasture and structural composition of elephantgrass, both oven-dried afterwards to determine the partially dried matter (Mannetje, 1978) . To estimate the forage matter during the winter season, the total area was roughly divided in 25% for the elephantgrass and 75% for the species present between the elephantgrass rows. During the summer season, 38% of the area was considered occupied by the elephantgrass and 62% by the species present in the alleys.
The presence of the spittlebug (Deois flavopicta) was noticed when the fourth grazing cycle was over. A biological product (Metarril® -biological pesticide whose active ingredients are (i.a.) Metarhiziumanisopliae fungal spores) was applied to control the population.
After the seventh grazing cycle, in 24 January 2010, the space in the alleys of the experimental area was harvested to cut off the advanced stage of development in which some of the spontaneous growth species found in the area were, such as the Paspalum urvillei (the vasey grass).
To estimate the immediate stocking rate, an offer of around 7 and 4 kg of DM/100 kg of live weight forage was made available for the forage matter in the alleys and the leaf blades matter of the elephantgrass, respectively. The animals used in the test were Holstein dairy cows of 565.24±33.52 kg average live weight with an average milk production of 21.5±6.1 kg/day. The animals were subjected to a milking routine of two times a day, 7:00 am and 4:00 pm. After the milking, cows were fed complementing nutrients in proportion to their milk production, usually around 5 kg of concentrate/day. Cows were allowed to graze in the pastures from 9:00 am to 3:30 pm, and from 6:00 pm to 6:30 am.
To determine the pasture chemical composition, field samples that emulated the grazing were extracted after observation of the cows ingestive behavior (Euclides et al., 1992) , in each separate plot and after grazing times. The pasture samples were matched (entrance and exit of animals), dried and grounded in a Wiley mill type grinder, packed and analyzed later.
All samples were measured for dry matter content after oven-drying method at 105 ºC until 72 hours, and for ash after burning in muffle furnace at 600 ºC during 3 hours. The organic matter content was calculated as DM -ash. The total nitrogen content was determined by the Kjeldahl method (method 984.13, AOAC, 1995). The neutral detergent fibers content was measured by the method proposed by Van Soest (1991) , adapted for utilization in autoclave (Senger et al., 2008) . For digestibility in situ, the technique developed by (Mehrez & Orskov, 1977) , which estimates food degradation in artificial porous bags that simulate rumen conditions was chosen.
The experimental design was totally randomized for the three treatments (forage systems), the two areas replicated (plots) in completely split-plot time (grazing cycles). All data were submitted to variability analysis and the means were compared by the Tukey test, at a 5 % level of error probability and correlation, according to the Pearson coefficient. Polynomial regression analyses as function of grazing days were performed for the variables in the pasture forage mass, in the elephantgrass leaf blade mass, in the forage mass in the alleys, of the forage legumes and in the stocking rate. The analyses were performed with the aid of the SAS (Statistical Analysis System, version 8.2) statistic package.
The statistic model referring to the pasture variables analyses studied was represented as: Y ijk = m + T i + R j (T i ) + C k + (TC) ik + ε ijk , where: Y ijk represents dependent variables; i, treatment indexes (forage systems); j, repetition indexes (plots); k, grazing indexes; m is the average for all reports; T i id the effect caused by the treatments; R j (T i ) is the effect of repetition in treatments (error a); C k is the effect of grazing cycles; (TC) ik represents the interaction between treatments and the grazing cycles; ε ijk is the residual experimental error (error b).
Results and Discussion
During the experimental period (341 days), there were nine grazing cycles in both forage systems: four during the cool season and five during the warm season. The grazing intervals varied from 41 to 33 days (during winter and summer seasons, respectively), and the grazing periods from one to two days. Short periods of grazing, up to three days, and resting intervals close to 30 days for the winter cycle species are associated to higher quality forages (Soares et al., 2004) . For the hot season grasses, such as the elephantgrass, short periods of occupation and grazing cycles close to 30 days are also associated to the production/animal performance ratio (Deresz et al., 2001) .
The pre-grazing forage mass was comparable between the forage systems, with marked difference (P<0.05) only in the evaluation carried out in September, whose value was higher for pastures consisting of red clover (Table 1) . The forage mass mean value for the systems was 3.5 t/ha, which is inferior to results observed by Steinwandter et al. (2009) , of 5.29 t/ha, under the same procedures and higher nitrogen fertilizer amounts in pastures formed by elephantgrass mixed with ryegrass and white clover (in the cool season) and spontaneous growth species (in the warm season).
No peculiarities were reported for the elephantgrass forage mass present in the rows or in the alleys, either in the intervals between grazing cycles or in the averages of the experimental period. Contrastingly, little forage mass increases could be seen in the association with the red clover, leading to a higher stocking rate (P<0.05) when compared with the other systems. The same values were observed by Lima et al. (2004) for pure elephantgrass cultivations. Values close to 4.0 UA/ha were observed by Steinwandter et al. (2009) . Higher stocking rate, 4.5 UA/ha, was observed by Deresz et al. (2001) on elephantgrass pastures fertilized with 200 kg of N in 198 days of estimation with dairy cows.
Despite the relatively low stocking rate reported in this research, emphasis must be given to the fact that the pastures remained in use the whole crop year, with an expressive presence of the elephantgrass (Table 2) , Table 1 -Pasture forage mass (PFM), pre grazing forage mass (kg of DM/ha), forage mass in the rows (FMR) and in the alleys (FMA) and stocking rate (AU/ha) in three forage systems (FS) particularly in the fall season as reported in the estimation of July, represented by an increased biomass of leaf blades. Part of the performance can be credited to the cultivate utilized, which features leaf resistance to blight due to early frosts and a fast recovering capacity expressed by a profuse production of leaves in September (Olivo et al., 1994) .
Comparing structural components of the elephantgrass, the similarity of systems becomes clear with special emphasis for the cumulative effect of frosts and low temperatures (Figure 1) , with blight of leaves and the distal part of stalks as verified in the estimation performed in August (Table 2) . Mean values of leaf blades of 44.35% are higher than that reported by Steinwandter et al. (2009) , of 30.67 %, when working with the mentioned cultivar under similar climate conditions and procedures. The small role of this fraction in the dead organic matter concerning grazing cycles included between the end of the summer and fall seasons is distinguishable: an evidence of the strategic function of the elephantgrass in forage planning due to its outstanding production of forage at the beginning of the winter season , even if temperatures drop to levels lower than the usual (Olivo et al., 2007) .
As for the botanical composition of material present in the alleys of the elephantgrass, differences were observed between the systems concerning the annual ryegrass role, which was higher (P<0.05) in the pastures mixed with forage peanut and the control, regarding the first and fourth grazing cycles. The leaf blight in part of the forage peanut provided wider light penetration and decrease in plant competition, respectively, as it had happened before with pastures without forage legumes.
As for spontaneous growth species, the growth of the Paspalum spp. represented an average role of 31.37% during the warm season. The remaining species consisted of Urochloa plantaginea, mainly, Digitaria sanguinalis, Sida santaremnensis, Polygonum persicaria and Conyza bonariensis.
Many pastures depicted differences between the systems, more noticeably in the pastures free of forage legumes, indicating that legumes compete with spontaneous growth species (Lanini et al., 1989; Wiles et al., 1989; Sarrantonio, 1992) .
As for the forage legumes, it was reported that each exclusive contribution to the pasture is associated to the development cycle, with observation of forage peanut in six pastures and red clover in seven. Good development of the red clover was probably stimulated by rainfalls during the summer season (Figure 1 ), a favorable condition to its persistence ).
An assessment on the forage legumes role that takes into consideration the area occupied in the alleys, 75% in the winter and 62% in the summer, reveals values for the forage peanut close to the recommendations of Thomas (1992) , of 30%, which provides balance to nitrogen losses in the system and contributes to fertility of the soil and productivity in long-term. Meanwhile, values for the red clover are close to the recommendations of Cadisch et al. (1994) , between 12 and 23%, adequate to the sustainability of the forage system. In terms of the whole area, the values reported also fit into the same proportions.
As for dead material, the elephantgrass role was remarkable due to effects expected during the winter season period, contributing to a low stocking rate in the mentioned systems, guaranteed by the annual ryegrass at the beginning of the winter (Figure 2) . The forage availability in this period can be enhanced by scheduling winter sowing in the pastures or planting premature cycle species such as oat or rye, mixed with the annual ryegrass (Roso et al., 2000) .
Despite the poor forage availability reported in the estimation performed in July (Figure 2) , the forage associations created display complementing features, like an increase in the forage mass of the alleys when there is a decrease in the mass of the rows (elephantgrass). Comparatively, distinct models could be identified in the forage legumes; it was linear upward for the forage peanut, while the red clover displayed a square model with an ascending start, with higher stocking rates in estimations performed at the end of the winter, which counted for the difference (P<0.05) revealed in average stocking rate in relation to the other forage systems (Table 1) . On the other hand, although differences are trivial, the forage mass shows little variability during the grazing cycles in the systems associated with forage legumes (Figure 2 , Table 1 ).
In chemical composition (Table 3) , there were differences (P<0.05) in mineral and organic contents only in the estimation performed in August, which depicts the higher values found in pastures associated with forage peanut, possibly due to a larger proportion of annual ryegrass reported for this grazing cycle.
For neutral detergent fiber, there were no differences; the mean value of pastures remained 58.15%, above the (P £0.05) for associations with forage peanut in relation to pastures without forage legumes. Protein contents decrease in pastures associated with red clover is due to lack of this forage legume in the period. Considering all estimations, results point out to a more balanced protein composition in the warm season of systems associated with forage legumes (Cóser & Cruz Filho, 1989) . In cool seasons, the protein balance between the pastures was a consequence of the large contribution of the annual ryegrass (Table 2) . Although there were differences expected in the protein composition of pastures mixed with forage legumes, (Smith, 1975; Lascano, 1994) , the contents measured were not of substantial significance, considering for this assumption, a very short contribution of the red clover and a potential difference in the palatability of forage legumes (Lascano, 1994) .
Regular correlations expected between crude protein contents and neutral detergent fibers were observed (r = -0.48; P = 0.0411, for pure grass pasture; r = -0.60; P = 0.0089, for associations with red clover). Association between crude proteins and the contribution (%) of the forage legume in the alleys was also observed for the red clover (r = -0.88; P = 0.0009), while no results were observed for the association with forage peanut, noticeably because of a more regular and stable participation (Table 2) .
There was a difference in the in situ digestibility of the forage organic matter (P £0.05) on pastures with and without forage legumes in an estimation performed in the beginning of December. When mixed with red clover, the values for digestibility content remained above 80 % between July and December. Meinerz et al. (2008) Usually observed correlations were reported in the present research, between the in situ digestibility of organic matter and neutral detergent fiber (r = -0.48; P = 0.0440, for pastures without forage legume; r = -0.65; P = 0.0036, for pastures associated with forage peanut; r = -0.54; P = 0.0205, for the ones associated red clover); and of in situ digestibility of organic matter with crude protein (r = 0.63; P = 0.0047, for pastures without forage legume; r = 0.58; P = 0.0120, for pastures associated with forage peanut; r = 0.69; P = 0.0016, for the ones associated red clover). 
Conclusions
The utilization of different forage legumes promotes a more balanced forage offer and narrow variation in the nutritional value in the grazing cycles. Considering the stocking rate and the nutritional value, the best results attained are the ones reported for the forage systems including forage legumes. CV -coefficient variation; DM -dry mnatter; 'a b' -means followed by different letters in the column differ (P £0.05) by Tukey test.
1 Samples of simulated grazing cycles, pre and post-grazing averages.
